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Planned for launch in 1998,  the first flight of NASA’s New Millennium Program will validate
selected breakthrough technologies required for fut urc 1OW-COS(, low-mass space science missions.
‘J’}w principal objective is to wdidate  these advanced technologies thoroughly enough  that subsequent
users may be confident  of their performance, thus reducing  the cost and risk of science missions in
the 21st century. Although this flight will be driven by the rcquircmcnts  of the (cchnolo.gy  validation,
it also will be an opportunity to conduct science during the cruise and encounters with an asteroid and
comet. Advqnccd  technologies selected for validation include solar electric propul  sim, high power
solar concentrator arrays, autonomous on-board operations irlcluding navigation, an inlcgr:ilcd
inla~in~ spcctrome[er,  and a variety of nlicmclemcmics  and tclccol]lll~~lIlic:~tioI~s  clcvic.cs. whcl”c
adv;nc~d  ‘technologies arc not iniluded  in the
hardware will be used.

design, low-cost, commcmally avallatie s])acc

1 N1’ROl)lJC3’JON

NASA’s vision of space and I larth science
in the early years of the next century comprises
flcqucnt , affordable, exciting, scientifically
mmpc.lling  missions. Microspacccraft,  small
enough m be launched on low-cost launch
vehicles, with highly focused obje.ctivcs, will
execute  many of these missions.

‘1’hc Ncw Millennium l’rogram (NMP) is
designed to help enable these missions by
developing and valida(irlg  some of the key tcch-
no]ogics  they need. 1 With one to two launches
per year starting in 1998, NM]) will flight validate
some of the high risk technologies tha[ will help
c.nable  t hcsc missions. IIackground  o n  (hc
definition of the. NM]] mission set is given
clscwhcrc.2 Using dedicated deep-space and
1 larth-orbiting  flights, the program combines
advanced technologies needed to provide the
ctipabi] it ics of the fut me mi ssicms wit h current
state-of-the-practice technologies. ‘]’hc spacecraft
flown by NMP arc not intended to bc fully
rcpresen(ative of the spacecraft to be flown in
future missions, but the advanced tc.cbnologics
they incorporate arc.

—
“ Flighl I’cam 1 ,cadcr
“ Chief Mission Ihginccr

Although the. +@tivc of the NM]’ tcch-
nolog,y validation missions is (o enable future
scicncc missions, ihc I’4MP II]issions a r c  n o t
science-driven. ‘1’hcy arc tcctlll(~logy-(llivell
missions, with the principal recluirc.mcnts  coming
from the Jlccds of the advanced tcchno]ogic.s  that
form tbc “payload.” ‘1’he.  missions will bc high
risk because, by the.ir nature, they will inmrporatc
unproven lcchnologics  that, in general, will not
have functionally equivalent back-ups, ln(tccd,  if
an advanced tccbmlogy  dots not pose a high risk,
validation by NMII is not required.

“1’hc first flight of’ Nh4P wilt be a dcq-space
mission, currmtly known as 1)S 1. It is being
developed by J]’], in partnc.rship with Spcc[rum
Astro, ]nc. Advanced (c.chno]ogics  arc lm)vidcd
by NA4P’s integrate.d produc( dcvclopmmt  tmns
(11’1>’1’s), composed of rcprcscntativcs  from
NASA and other govcmmcn( :igcm:ics, industry,
and univc.rsitics. ‘1’hc lPIY1’s and details on the
tcchnolo:,ics,  includil)g  those described in tbc
following
CISCw]]~r~~~??Fcs’  ‘ c ) ’  ‘)s] !,C [jcs~~ibd
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Sixteen advanced tcc}mologics  arc unclcr
ccmsidcratim  for 11S 1. “]’hesc have bec.n selected
on the. basis of how relevant they mc to 2.1st-
ccntury  science missions, how revolutionary they
are, and how much the risk of their subsequent
use is reduced by validating them in flight. 1 n
addition, more practical issues such as schcdulc,
likelihood of funding, and compatibility with the
basic IX 1 mission contributed to their sclcc(ion.
l~dch tcchno]ogy  is a milestone on one of the
tcchnolog  y roadmaps dcvclopcd  by the 11’11’1’s.

Once the techno]ogics  arc selected as 1 M 1
candidates, they are grouped into three categories
according to how the mission dcpemds  on thcm.
‘1’hc primary purpose of including any tcchno]ogy
is, of course, to validate it, but the functional
capability some provide to I )S 1 make them
indispensable to this mission, while others arc
ICSS critical.

● Category 1 Icchno]ogie.s  arc cssemtiti]  to con-
ducting the mission. Without them, the basic
profile of the planned tcchno]ogy  validation
mission will require major redesign. If one. of
these tcchno]ogics  dots not pass its readiness
gates, thus leading to its removal from the flight, a
significant change in the. mission will rc.suit. As
an example, the inclusion of solar electric
propulsion as the primary propulsion Systmll
numsitates  a low-thrust trajectory. If this tc.c.h-
JIo]ogy  is not included in the flight, it will rc~]uiw
a fundamental redesign of the mission.

● Category I 1 technologies provide a caJJabilit  y
that, while critical for the mission, could t~
offered by an existing tcchno]ogy  that does not
require a ncw dcvclopmcnt.  ‘I’h LIs, if cmc of these
technologies fails to be ready for the flight, a
substitute can be fount] that prevents the mission
from undergoing a major redesign. (;]car]  y sml”rc
redesign will be ncccssary, but the capability Ios(
with the removal of the advanced technology will
not be irrcplaccablc.

● Catc.gory 1 I I technologies are. not re.quircd for t hc
execution of the mission, although “they may bc
enhancing. If the technology is not ready for
flight, its removal will not require the substitution
of another technology m rcplacc lost functionality;
the mission can be conducte4i  without the. lost
capability. ~’hcsc tcch[lologics  will be critical fol-
futurc scicncc missions, bu[, in contrast to ti~c

Category I and 11 tcchnologic.s,  the ful~c[ionality
they provide will not bc enabling for 1>S 1.

‘1’hc 1)S 1 advanced technologies an(i their
classification into the categories dCsclitxx{, art.
listed in ‘J>ablc 1. Overviews of some of the
tcchno]ogics  arc given in the next section in (Iw
order in which they appca~  in the table.
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IJS 1 Ad vanccxi  ‘1 ‘cchnology Glcgory

Solar clemic  propulsion
Solar conccntra[or array
lntcgratcd  calllcra/slJe.ctrolllctcl
]ntcgratcd spaic physics package
Autonomous remote agent
Autonomous optics] navigation
SI~~all_dce.~~-sI>acc  transponder
Composite high gain antenna
Beacon m(Kle opcrat ions
31) stack processor
Ka-band  solid state power amplifier
‘l”iny exciter
l%wer high density interconnect
Power activation ancl switchinx
moctlllc
1 ,0w power electronics
Multifunctional struclurc-—

I’ab]c 1. 1)S 1 Aclvanmxi ‘1’cchno]ogics.

.–—..._~— _ ..—— —.
1
1
1

111
II
11
I

11
111
11
Ill
Ill

.111

111

Ill
111

1 lath of these tcchnologim  must pass thrc.c
future gates before final inclusion on 1)S 1 can bc
assured. A technology rca(iiness  review (’l’RI<)
will be conducted to assess the status of the
dcvclopmc.nt and the cost rcquirccl  to deliver it on
time for integration. Plans for testing the
tcchno]ogy  on the ground and validating it in
flight will be covmd  at the “1’1<1<  as WC]]. At the
Key ‘I’c.ch nology 11 ard ware/Soft ware
1 )cmonstrat  ion, each technology will be required
to demonstrate its performance to show that it is
meeting its design ot)jc.ctives and is on sdlcdule
for providing the intended c.al)ability. l~illally,  a
Subsyslcm 1 Iardwarc/Software . IJcll]orlstl:itiorl
will aid in establishing whether the technology
pcrforlns  as required and wi II be ready for
delivery.

‘1’t)C SllCCHS O f  IJS ] dCpCI)dS  11])01)  dCtCl”-
mining how well any of these technologies will
work on future missions. lf fin Hdv8nced  tccl)-
nology  ]mxll]ct  fails o]) 1 )S 1, cvc.n  if it leads to the
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tmninalion of thcmission,  as long as the Pdilm
can be diagnosed, the objective of validating the
technology will be accomplished. 1 f IX 1 could
l)J’OVC Ihat an a d v a n c e d  (czhJmlogy i s  not
a]q)ropriatc for fut urc missions, that is a valuable
t’csu][. ‘J’his infomalion  would achieve the goal
of reducing the cost and risk to candidate future
users of the technology. Of come,  it is likely
that such a determination would lead to
modif ica t ions  to  the  itllJJlel~lclltatioll  of the
technology, thus restoring its potential value to
fut 111

‘J’l C

play
whit

L space science missions.

INO1,OGY  OVl{RVIliW

Overviews of some of the technologies that
key roles in IIS 1 follow. The mission it~
I these tcchnolo~ics  will be validated is

discussed in the next s;ction. I+lrlher ch.miils  on
all technologies are given in 1P])’]’ ovcrvicws3’4’S’(’
and specific references below.

Solar electric propulsiwl
Solar electric propulsion (SliP) offers

(rcmcndous  mass savings for future deep-space
and }larth-orbiting  miss ions  wi th  h igh Av
rcquircmcm. ‘]’hc ob@ctivc  o f  t h e  NS’1’AR
(NASA SIH) “l”cchnolog,y  Applications Readiness)
progrdn17,  to validate low-power ion propulsion,
fits well with NMl]’s goals. ‘1’hc joint JPI ./l.cwis
Research Center effort, which was s[arle~i  il I
November 1992, has been building and ground
testing ion propulsion hardware in parallel with
building flight hardware for 1X$ 1.

‘] ’he NS’1’AR-providect  i o n  p r o p u l s i o n
system (1 I’S) wilt use a hollow catho(ie to produce
c.tcctrons  to collisionally  ioniz,e xenon. “1’hc Xc” is
electrostatically accelcrmd  through a potential of
1280 V and emitted from the, 30-cnl  thruster
through a mc)l ybdcnum  grid. A sepamtc  elect  m
beam is emitted to ncutraliz,e  the main beam. “Ilic
spacecraft provides up to 2.5 kW to the 1 l}S
power processing unit (lIPIJ ), and the lmak
thruster operating power is 2.31 kW. At this
power, the thrust is about 90 n~N. ‘1’hrottling  is
a c h i e v e d  t)y b a l a n c i n g  t}uustcr  and Xc f e e d
system parameters at lower power levels, and al
the lowest PIT) input, 500” W, the thrust is about
20 nlN. “1’he specific impulse dccreascs fronl >
~~()() s al peak power to atmtlt 2?,()() s at the.
Ininimum throttle level.

Because the purpose of ilying h~S’I’Al<’s
11’S is to validate it for future flights, a (iiagnos[ic

system will be incluclcd. ‘1’his will aid in
quantifyitlg  the interactions of the 11’S with the
remainder of lhc spacecraft, incluctin~,  scicncc
instrulncnts, ancj validating models of those
interactions. Mcasmmcnts  will include the rate
ancj extent  of cent aminat icm around the spacecraft
from the Xc+ plume and the sputlcrd Mo from the
gricj,  electric and magnetic fields, and the density
and c.ncrgy of clccttons  and ions in the vicinity of
the spacecraft.

~glar  concentrator array
]Ic.cause. of the high power nc.cds  of the 11%,

1 )S 1 ncc.ds a high power solar array. ‘1’hc IIaljist ic
h4issilc  ]Icfcme Organization, working with
NASA’s 1.c.wis Research Center and Al ;C-Able,
wants space validation of its Solar (lmcntrator
Array with I .incar lilcnlcnt Tc.chllo]ogy
(SCARj .1;1’ ll)S, so flying SCAR] .11’1’ on 1 JS 1 is
mutually bcnc.fk.ial. A 180-W SCAR1 .l~l’ 1 array,
using similar technology, was included on the
MI ~’1’l K)]{ commercial experiment platform, which
was dcstrc)ycd  in a fi~ilcd launch in October 1995.

SCARI .}; ’1’ uses cylindrical 1 ‘rcsncl lenses 10
concentrate sunlight onto Galnl)/(iaAs/Gc CCIIS
amngcd  in strips with fin cxpc.ctcli avc.rage
efficiency of at lc.as[ 24%. IIy combining the
lenses with a rcfkxtm  below the cells, Li tot;il
conccntrfition ratio of 7.5:1 is achicvcd. With
rclat ivcl  y smal 1 area actually covcrui  by solar cells
then, t hickcr cover glass bc.come.s practical, thus
gpitly  reducing the susceptibility to radiation.
‘]’hC p:iil  of m“ays will JNIKIUCC  2.6 k#l ~t ] All at
the beginning of life. 1 {ach array c.ompriscs four
panels lhat arc folded for launch, and a single-axis
gimbal guarantees pointing in the more smsitivc
longitudinal axis.

~!~rdtcd calllcrtisl~ec[t(~lll~
1 ,ow-mass  scicncc instruments clearly arc

critical for future space science missions. One of
the advanced lcctlnologics  1)S1 wfill vajidat(: is [he
Minia[urc 111[ Cgratc(t (;alllcra-S]>cctlol~~ctcl
( M  I(?AS), ccmccivcd  and dcvclopcd  by a (mm
from the lJni[cct States (icologiml Survey, S SG,
]nc., the LJnivcrsity of Arizona,  and J1’1..  in onc
7-kg package, this derivative of the original
COllCCJlt  f o r  a 1’11110 lntcgratcd  (hncra

Spcctmmctcl’q includes two visible imaging
channels, an ultraviolc(  imaging spcctromc.lcr,  md
an infrared imaging Spcctromctcr  plus ajl (he
thC1’]llal  an(i C] C.CtK)lliC  CO[)trol.  All sensors sh:il”c.  a
singjc 1()-c[ll-(li:{ll]clcr  (c.lcscopc, “1’wo visilic
dctc.ctors, both opcra(in$, bctwccn  abmt  500” :ind
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1000 nm, are  planned: a K]) an(i  a CMOS active
pixel sensor, which includes the timing and
control clcctmnics  on the chip with the detector.
With aficldof  view of0.78°,  each pixel will be
10 prad. ‘1’hc imaging spcctmmctcrs  operate in
push-broom mode. ‘1’hc (JV i m a g i n g  spc.c-
tromctcr  w i l l  s p a n  80 to 185 nm with 1 INN
Spuml  Icsolutioll. “J”he IR will cover the range.
from 1300t02600wit l~711~lls]>  cctrtilrcs  olL]tio]l.

MICAS will scrvcthrcc  functions on lJSI.
l;irst,  as with all theadvanccd  technologies, tests
of itspcrformance will establish its applicability to
future space science missions. Second, it will
ccJllcct  valLla(31c scicllcc (!atacl~lri  llgtl]is mission at
the asteroid and comet. Although science is m
thcprimary  goal of the mission, returning scic.nm
data is an important part of h overall
demonstration [hat all technologies arc consistcn[
with a mission that conducts science. ‘J’h i rd,
MICAS will be used tc) gather images for the om
board autonomous oJJtical  navigation systcm (sec.
below). lnclecd, the MICAS dc.sign origil)ally
intended for validation on 1)S 1 used an 8-bit
analog to digital converter. ‘1’0 satisfy optical
navigation requirements, the design was changed
to 12-bits; this provides the important ancillaly
benefit of improving the performance sc) that a
more useful instrument is validated and Ihus
available to future users.

Mtiw~~c PWCS  d-w
1 ‘uture  missions will require comp:ict

instruments for measurements mher than the, kinds
made by MICAS.  lJsing the same approach of
intcgrat  ing several different mcasllre’mcllt
c a p a b i l i t i e s  into  o n e  l o w - m a s s  p a c k a g e ,  (1)c
intcgratut  space ]~hysics package will serve (hrcc.
fmc[ions on 11S 1. It will validate the design for a
suite of space physics instrumerlts  in one package.;
it will assist in determining the effects of the 11’S
on spacecraft surfrrces and instrulncrlts  and tl)c
space environment, including interactions with the
solar wind; ar~d it will make scientifically
interesting mcasurcmcnts  during the cruise and the
cncountc.r  with the comet (and pcxsibl y ast croid ).
ln(iecd,  a key demonstration will be IIM( spare
physics measurements can be made from a
spacccmft  operating with an ion propulsion
system to asstm fut me u se.rs that there arc no
incompat ibilitics.

‘1’hc 3-kg package cm 11S 1, to be built by
Southwest Research, inc.. and 1 m Alamos
National 1.aboratory,  will measure the crqy

spectrum of c.tcctrons  and ions in the range of 1-
30 kcV and perform mass analysis on the ions. It
also will determine the till.cc.-(l ir~~c. r~sior~:il plasma
distribution over its ~.8n s]” field of view. ‘1’hc
instrument may include a llliclCKalO1illlctcr  to help
understand the plasma/sw-face interactions.

operations
One of the telccO1llrllLlrlicatic~lls  tcehnololzies

J~S 1 wilI validate is a small deep s]~~cc
transponder (S11S’1’) under dcvcloprm]t  by
Mo[cmla. In addition [o its application to the.
kinds of science missions NASA envisions for the
21st cm[ury, the usc of the SIJS’1’ is under
considcr:ition  by missions with starts likely in the
next few years. IIccausc of its impmlancc  to
these near-term missions, Ihc S1 )S’1”s dcvclop-
mcnt is shared by a consorliuln  of programs :ind
projects.  Allowing X-band uplink and X-band
:ind Ka-bfind  clown link, the S1 )S’1’ mmbincs the
rc.ccivcr,  c.omman(t clctcctor,  tclcmcmy  m o d u l a -
tion, cxcitcrs,  beacon tom gcrmxtion (see Mow),
and control functions into onc package of about
2.8 kg. ‘1’his unit suppo]ts  both uplink and
downlink  radio scie.ncc modes of operation, :ind it
provides cohcrcnt  and non-cohcrcnt  opcrat ion for
radio navigation purposes (in addition to basic
colllrl]llrlicati{)l)s)< “1 “o ac.hicvc the S:illlc
functionality without a n cw technology
dcve.lopmcnt  would r e q u i r e  about 6.() kg. ‘1’his
compact, low-mass transpondu  is enabled by the
usc of advanced GaAs monolithic microwave
integrated circuits, h i g h  ckmsity Jlackaging
techniques, and silicon ASICS. ‘1’he S11S’1’ ctin
cc)llcct  analog tclc.mctry signals from its own
internal and cxtcrrlal  diagnostics, and it can
supporl  1553, 1<S422  (Usins 1553 protoco]),  and
1773 intcrfttux.

‘Ilm S1 )S’1’ gcncratcs the four tones nccdcd
for beacon mode opcrat iorls.  ‘1 ‘h is Cat cgory 111
advance.d technology is designed to reduce the.
tremendous load that would  bc cxpcctcd  on the
l)ccp Space Network (l)ShT) if many missions
were in flight sir]]llltallc(~lrsl)’,  as envisioned by
NASA. in beacon mode, srnar[ .spacccraft will
scncl one of four tones to small  receivers on }larlh
to indicate to ground operations what action, if
any, is rlcccssary. ‘1’hc four tc)rlcs corresjmnd to
the spacecraft not ncuiing arly assistance bccausc
all is well; informing the grolrnd that the.rc was a
problem that the spacecraft rcwlved; alcrling the
~,round that the space.craft has data that arc ready
to IX transmlttcd, s o  a IXN p a s s  should IN.
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scheduled; and requesting assistance because the
.spamcraft h a s  e.nmuntcrcd  a problcm it w a s
unable to solve.

~~lmcmm]s  rcnmte agel~
Because operations arc a significant 03s[ in

NASA science missions, NASA explicitly in-
cluded autonomy in its guidelines to NMP. The
team developing the autonomous s ystcm is drawn
from Jl]l,, Amex Research Center, the U SA1;
l’hil]ips I ,aboratory,  I’RW, and clscwhcrc.  J)S 1
will validate not only a specific on-boarcl
autonomous operation capability, but, through
careful design, i t  wi l l  repescnt an c.nt i rc.
arcbitmural approach that is expected to bc
applicable to a wide range of ful urc scicncc.
missions. The architecture is illustrated in l;igurc
1. “1’hc  s ystcm i ncorpomtcs  a planning and
scheduling engine which, b y  inmrporat  ing
conqwchensive  knowledge of the spacecraft state,
constraints oJl spacecraft opcrat ions, and the high-

ICVCI g o a l s  prcwidcd by d~c ground,  gcncrams  a
set of time-based and event-based act ivitics,
known as tokens, t h a t  arc dclivcrcd  m the
executive. “1’hc cxccu[ivc  expands the mkcns to a
se41ucncc  of commands that arc  i ssucd  direct] y to
the appropriate ctcstination  on (}1c spacecraft. ‘J’he
exccu(ive  monitors the rcsl)onsc 10 these
commands ancl reissues or modifies thcln if the
response is not what was planned.

‘1’hc design is ftcxiblc enough  to h:incllc  a
variety of uncxpcctcd  situations onboar(!,  and its
access to a much mom complete description of the
spacecraft state. than would be available. to ground
controllers in a traditional o]mra[ions concept
allows it  to make. better usc of on-board
rcsourccs.  A fi~ilurc  (ictcction,  idcntificaticm, and
rccovcry engine. allows rccovcry  or work -arounds
in the. presence of Fdults  without  rcquirin~<  help
from the ground except  in extraordinary cases.

Goa l s ,  ~
Constraints

Knowledge
—

Remote Agent

[-]-- f%i’+
II )-1

ClPlanning/ Model-based

Scheduling
1

Fault Diagnosis
and Rmponsc

.—

Spacecraft

..— —
ljigurc 1. Remote. agent architw.turc. ‘1’hc concciN of a Icmolc agc.nt is that instead 01 usin~ rc.mote. conlI 01 (from 1 iarlil),
thm will k an a,gcnt of the. conlrolkxs  i0cak41  on llIC spat.cxrak ‘1 bus, tllc grould dcfiIIcs wlkat tlIc dc.si[cd result is,
and the. onboarci agc.nt has the frcdom  to dc.tc.rminc. hov.’ an(i when to achicvc i[.

Actions

~

@3

Measurements

4———

Autononmus  o[~tical  navigation
A significant reduction in rcquircmcnts  for

I>SN tracking of spacecraft will come from tlm
placcmcnt  of a complete navigation capability
onhoard  the spacecraft. 10 “1’hc autonomous
systcm to be validated OJI IX 1 will navigate the
spacecraft from shortly after injection through (I)c
CJ lcounters  wit h the asteroid and comet using dam
already rcsidcmt on the spacecraft or acquired and
]noccsscd  onboard. It dc.tcrmincs  when MICAS
visible-channel images, cacb with a sclcctcd

asteroid (ccrt ai n to be visi tic fmm the spacecraft)
and known background stars, need to bc acquired
and delivers its requests to the remote agent
described above. ‘1’lm  images will bc co]lccted
along three to five lines of sight :{]~j)loxilll{ilcly
every other day. Onboard image procc.ssi  ng
allows accurate. extraction of Ihc aj)parcnt
positions of the as[croids with rc.sl~c.cl to the stars.
With asteroid ephcmridcs  and star catalogs
rcsidcnl in tbc a u t o n o m o u s navigator, t lic
sJJace.craft  t}llc.e.-(lilllc.lls i[)llal  position is cstimalcd.
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“J’hc heliocentric mbit is computed  with a sequemc
of the.sc  posit ion dctcminaticms. ‘1’hc trajcc[ory
them is pmpagatcci  to the encounter targe[s (fin
asteroid and comet) ,  and course  changes  arc
generated by the maneuver design clement. in
general,  those course  c h a n g e s will be
implcmcntcci  through changes in the ll]S thrust
Jnofilc,  b~lt inccrlaincases  described below,  [hc
maneuvers may be achicvui  with the small
chfmicxil  propulsion system.

fb-umit~ W @II arl(erlrla
“1’hc high gain antenna on 11S 1 is to be, a 1 .S-

m  gla]~llitc-coll~])ositc  p a r a b o l a  pmvidcd  by
lloc.ing.” At only 2.9 kg, it is lCSS than 30% the
mass of a comparable aperture. casscgrain  antenna
used for the Mars Global Surveyor. ‘1’hc antenna
incmpcmtcs  a dilal central feed for X-band :in(i
K,-band operation, and it has the high surfm
accuracy rcqliircct  for the, higher frequency.
Acl~icvir~g  (}lis}ligll  r)erforl~lar)cc witl)lowl]~ass  is
crucial for missions of the 21st ccmtury.

~1 ) slack processor
‘lo reduce the packaging vcdurnc and mass

of the clcctrcmics,  1>S 1 will  validalc threc-
dimcnsion:il  stacked multichip  modules (N4CM),
A processor MCM w i l l  h a v e  a  RAI)6(X)()
processor fabricated with 1 malts  “51 .“ rad-h:ird
i)mccssir)g line and 2 M}] of SJ<AM. Another
MCM will usc s[acked IJRAM die. to provide 1 ()()
MD of cxte.ndui memory. At 45 MI 1~.
(approxim:itcly  50 RISC Ml l)S) with 160 Ml] of
m;iin memory, Ibis will tx (he most caJA31c ra(l -
hard pmccssm  flown. ‘1 ‘he solid s[atc rc.cordc.r
rcsicks on anot}m  slice, with 192 MJI of rlor)-
volatilc flash memory and 64 Ml] of l) RAh4. A
fcmr(h MCM contains a bridge be[wc.cn  [hc l)(;l
bus USCd to communicxite  wi[hin the stack ar)d the
spacecraft’s VMIi bus. A  1773 bLIS ir)terfidcc i s
also  i n c l u d e d  in this irltcrface  h4CM.

“1’hc fmir MCMs are mounted  wi (h s o m e
ancil]aly elcctrcmics cm pr in ted  circilit  bo:irds
w h i c h  arc. then combined to form a “31)
clcctmnics  stack.” ‘J’hc stack is appmxim:itcly  12.
cm x 12 cm x 3 cm and is under 2. kg, I ~or
compatibi]it y with ]>S 1 packaging, this sttick is
mcmntcxl 011 a VMI1 bcxird and resides irl a Vh41 j
card c:igc.

‘1’hc validation of this unit on 1)S 1 is a result
of a cooperation between Nh41),  the (J SA 1;
J’hillips  1 xibora[ory,  and a number of industri:il

partners including
IIocing,  and SCC.

MISS1ON

mal, “1 ‘R W, 1.ockhccd  Martin,

It was dccidcd early in NM 1’ thiit a complm
validation of the technolo~ies  would require. flying
thcm on missions that bore slrong rcscmblmcc 10
science missions of the ftiturc. 1)S1’s mission
wits focusc.d  on small bodies bccausc of the grca[
in teres t  in mploring t h e m  in many filturc
miss ions ,  [hc c:isc irl reaching some for this
validation fright, {hc desire to :ivoid ovcrl:ip with
o[hcr prqyams such as the ongoing set of Mars
missions, and the inluest  in conducting :i mission
that  NASA’s }wiucipd customer (the 11 S
t:ixpaycrs)  would find exciting. ]Iccausc 1)S 1 is a
tccllllology-(jl”ivcll mission, formillf ilion of
canciida[c  lnission t y p e s  w:is de]mndcnl  ilpon
some of the. technologies thtit were sclcclcd.  ‘1’hc
principal lllissi[)rl-(lri~~irlg  technology is the, ion
propulsion systcm. In order to keep costs down,
force the development of new managcmmt  and
design tools, find get results to users qilickly,  ii
launch bctwcm J a n u a r y  and July 1998 was
Chosctl.

Another constraint cm thr mission derives
from the need [0 return rcsul[s promj)l]y to (hc
futlim i]scrs. l;xccpt for tests of lifctilnc m o s t
tccllrlc)logicsco~ll(l  bccvaiuatcdon  shml lnissions
as well as long ones, so it \$’iiS (iecidcd  that the
])rimary mission should last no 10rlgcl’ thtin abou[
two yc:irs. ‘1’his woll]d  tillou  sufficient timr to
condiict an cxciling mission slid to cxcrcisc  the
tcchrmlogic.s  under ii wide range 01 conditions
without forcing C~gC1’  pOt~Dtiiil  users to \l’:iil
unreasonably ]oflg before being confidcnl  alx)ul
the technologies. NASA l~asst]OIlglysL l])]) orted”  a
high risk mission for l~Sl (and the other Nh41’
missions ),an(i il advocama  p:irlicul:irly  hold  :inct
mcitingcxtcrded  mission.

l;our inission types were identified: launch
into I~ar[h orbit, followed by a sl)iral out to cse.[ipc
(possibly using ii lumr g r a v i t y  :issist)  :in(i
eventual flyby of a near-l;arlh :istcroid;  a
colllt>irlatiorla  stclc)i(i[irl(i comet flyby; an asleroid
l’C])dC7.VOUS;  [IN] [ill asteroid  fiyb)’ fOllOWcd b y  ii
ccmc.t rendczvoils. ‘1’hc l a s t  Inission would
require  th:i[  lhc comcl rcrldcz,vous  h e  collduc[cd
during tk cx(cndd  mission bcc:iitsc  of tllc long
fli.ghl  time. l~xamples  of each missi(m Iy})c mere
dcwcloped  :irld comp:irisons  were’ clucidalcd f o r



cwluaticm by NASA. ~’he combined asmwid and
mmct f] yby was Sclccte’ci .

‘1’he final mission has not been chosen  yet,

twt candidate pain of targets arc under study.
“1’hc  selection of a specific mission will depend
upon how well it suits the needs of those tech-
no]ogics  that are dcpcndemt  upon the encounters
for their validation, the negotiated capabilities of
the spacecmft,  and the capability of an affordable.
launch vehicle. Once those cri[cria arc sat isficd,
the relative scientific interest  of the targets is
evaluated so that, m the extent that it does not
intc]fcrc  with the primary goals,  as much scicncc
is extracted from the mission as possible.

‘1’he technologies that depend  upon the
encounters for their validation arc M1~AS and the
encounter portion of the optical navigation.
MICAS needs an extended source that is visible
throughout its spec[ral range. ‘1’he autonomous
navigation system needs bodies that can be seen in
enough  time that the spacecraft propulsion allows
sufficient control authority to enable  the accmxte
dclivc.ry the system is designed to achieve. “J’hc
candidate missions arc being evaluated for how
well each asteroid and comet combination satisfic.s
the rcquircmcnts  of these technologies.

An example mission is shown in l;igurc 2.
in this case, the launch  date is 11 }’cbruary  1998,
although the low ~3’s for all of these missions
and the great flexibility of the ll)S allow launcl)
oppor[unitics  c)f many months. ‘1’his cxamp]c is
used to illus(ratc the kind of mission 11S1 will fly
and to provide. a context for describing some of
the key activities during the mission. O[hcJ
candidate missions will vary in the specific
durations of different mission phases, but will tx
essentially the same from
overall technology validation
(iround-based  determination
will be used to generate and
low-thrust trajectory that will
spacecraft. Thereafter, all
accomplished cxclusive]y

the pc.rspcctivc  o f
and mission profile.
of the. itljectcd  state
optimi74c  an updatecl
be transmitted to the
navigation will be
b y  t h e  onboarci

autonomous navigation system. After thrLlsting
for 124 days, the IPS is tLmed off to allow the
spacecraft to coast for 71 days. IMring the cruise,
approximately every other day the spacecraft will
turn to collect its optical navigation images.
I)uring times of lPS thrusting, this will require
being off the thrust vector only for one to two
hours; this is included in the trajectory

calculations, which RSSUINC OJ)lY an 85% duty
cycle for tllc IPS thrusting. “1’hc remainder of the
tim off the thrust vector is allocated to OJN 6-hour
pass pm’ week  for collllllLlflicatioJls  with (he 1)s N,
thlUStill~  t o  COIJ’eC[ eI 1’01’S (I”a~CCtOry  aCCllJINl]a(Cd
during  schcciuled  t h r u s t  t i m e s ,  and fi~ults  ciuring
which the spacecraft miy not be able. to [hrusl.
‘J’hc 11’S thruster gilntxd allows pointing of the
[hrLJSt VCCtOl”  thrOllgh thC S]laCeC1’aft CC1ltCJ’ Of
mass> but the spacecraft at[itudc  in two axes
during ll>S thmst is fixed by the neeci  to achieve
thrus[ in a particular ciircction.

“1’hroughout lhc c.ruisc,  most of the lcch-
nologie.s will excrciscd. SoJIlc simply will require
regular activation and checks of their health.
Othcrs, such as the solar arrays and
tclccollllllllrlicatioTls  technologies, wil 1 require
spacecraft maneuvers to cvalwite.  their pcrfoml  -
ancc uJldcl  different Sun or l;al th viewing allglcs
and thermal conditions. ‘1 ‘he remote agent  wi II be
responsible for the planning al]{i cxc.culion of
these tests.

On 13 Scptcmbcr 1998, the spacecraft will
fly by asteroi(i 60531993 13W3 at about 18 kn)/s.
“J’his body is estimatui  to be 2.1()() m in radius,
and its spectral type has not been dctmminui. ]n
all missions under considcra~ion,  the (icmn]inistic
thrust wi l l  be suspcmicxi  f rom 10 ciays  before
closest ap}mach ((YA) until 1 citiy aflcr. “1’his will
allow more time, for optical navigation images of
the target before (YA and for validating M1(;AS.
(MICAS is fixed on (k spacecraft, SC) in general  it
cannot be pointed at the mrget while the 1 l)S is
thrusling in [he nec.dui  direct ion.) II also allows
more time for collecting science data. ‘1’his hititus
is important bccausc  the :iccumulation  of [r:ticctory
error from [he small noise in the ll)S thrust will bc
eliminate41,  thus allowing the navigation sys[cm to
deliver the spacecraft to a flyt)y clislancc.  of shout
50 km, with a likely error of less than ?() km.
I )uring the finnl approach, the navigation system
will generate trajectory correction maneuver plans.
If it dctcrmincs  that a maneuver nee(is to IX
executed  for which the, IPS dots not provide
mough control authorily (a]lJlrC)xilll:ilcl)’  1()
ntis/day)  or which requires the II’S to thrust in an
attitu(ie [hat i s unacceptable (because, fOJ”
example, it violates Sun pointing for MI(:AS or
thermal constraints on the II’S powJfx prcmssin,g
unit), it can rcxluesl  a small matwvcr  (- 10 m/s)
from the hydrazinc  attitude control systeln.

7
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intervals.

“I”k. as tero id  encounter  will  allow an
opportunity to gather  science data cm the si m,
shape, spill  state, gcomorp]mlogy,  and lhc
chemical composition of the, surfxx matwial. 11
may also bc possible m consmi  n the interaction of
the body with the solar wind.

‘J’hc deterministic thrust on this missio[l
terminates 427 days after launch. By then,  tk
spacecraft will have USCCJ about 52 kg of Xc to
provicic  a total velocity change of over 4 km/s.
S}mrtly after the beginning of the ncw millen-
nium, aftC1  690 d a y s  o f  f] ighl,  the Spacccr’aft
enconntcrs  c o m e t  p/] ’ClllJ)Cl  1. “1  ‘he cncollnlcr
occurs on 2 J anuaty  2000, just one month after
the comet’s perihelion. ‘1’hc flyby speed is abou[

8 Jm/s,  and the navigation systcm will usc images
of the coma and finally the nucle.l]s  to calculate
concclions to the tra.icctory for a CIOSC flyby.
Science clata at the comc(  (hat ]nay be m]lccted
illC]lldC thC s[l’llC~lll’C  and COlll])OSitiOIl  Of thC CO1lla
an(i tail, interaction with (I)C solar win(i, aIICi the
same kind of clla~iclcrizalion of the jlucleus as al
the astcroi(i.

“1’hc. i)rimary n)issic)n  cn(is with t h e
completion of the comet  encounter. Most mission
cand idates  al low anothm enc.oun(cr, usuaiiy  ~ifitl)
another asteroid, within 4 years of launch. I 1)
smnc cases, a comet cncomtcr  is imssibie,  an(i a
return to the llarth/moon may be possible.
impacts with the small bmiics may be attcmi~[c.(i.
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, In addition, during the extended mission,
cxtrcmclys  tressingtests  may be conducted of d~c
advanced technologies that arc not reasonable
during the primary mission. ‘1’hc operation of the.
spacecraft that is under ground  control my lx.
tLmcd over to students.

(lcally there arc not enough  a d v a n c e d
technologies to compose an cntim spacecmft.
Because the focus of IJS 1 is on the validation of
these technologies for future missions, not on
building a ccmple[e spacecraft rcprcscnttitive  of
those to be used in future science missions, the
remainder of the spacecraft ut ilizcs  exist ing low-
cost componcn(s.  As part of the agrccmcnt  with

NASA that this will bc a high risk, low-cost
mission, the spacecraft is principally single siring
with Class R parts. Wherever possible, standard
interfaces arc used. “1’hc  design is driven by the
ncccts  of the a(ivanccd technologies and the
technology-driven mission.

“l’he spacecraft s[ructurc  is an a luminum
space frame base. on the three Miniature Seeker
‘1’ethnology integration (MS”l’1)  spacecraft built by
Spectrum Astm for BMIX1. With mm of the
components and boxes mounted on the exterior of
the bus, their accessibility simplifies replaccnM(
during A’J’1  .0. ‘J’hcrml con[ro]  is accomplished
with standard nlu]tilaycr insulation, heaters, ard
radiators,

};igurc 3. 1)S 1 in flight configuration.

Attitude control sensors include five SUII enclosed in the, intcgra{cd  electronics modu IC with
scn sor heads distribute] to provide near] y 47L  sr a VM1l backpltmc.
coverage; two inertial reference Linits,  each

.

sensitive in two axes; and onc wide flcld of view “]’hc spacecraft is launched on an 1 .N41 .V2-
star tracker. A hydraz,inc reaction control systcln class lamch vchiclc with a Star 48 upper stage.
provides three-axis stnbiliz,ation. ‘l”hc injected mass will bc apprc)ximmly  365 kg,

including 50 kg of Xc and 20 k~; of hydraz.inc.  A
Most of the electronics, inc]uding the view of the dcployc.d spacecraft is in 1 ‘ig,urc 3.

advanced technology microelectronics, arc:
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